We present precision radial velocity (RV) data that reveal a Super-Earth mass planet and two probable additional planets orbiting the bright nearby G0V star HD 1461. Our 12.8 years of Keck High Resolution Echelle Spectrometer precision RVs indicate the presence of a 7.4 M ⊕ planet on a 5.77-day orbit. The data also suggest, but cannot yet confirm, the presence of outer planets on loweccentricity orbits with periods of 446.1 and 5017 days, and projected masses (M sin i ) of 27.9 and 87.1 M ⊕ , respectively. Test integrations of systems consistent with the RV data suggest that the configuration is dynamically stable. We 
Introduction
Over 400 extrasolar planets are now known. The majority of these have been discovered by using precision radial velocities (RVs) to detect the reflex barycentric motion of the host star. We have had a large sample of over 1000 nearby stars under precision RV survey for the past 13 years at Keck with the High Resolution Echelle Spectrometer (HIRES). One of the target stars is HD 1461, a nearby G0V star, only 23.4 ± 0.5 pc away (Perryman et al. 1997 ). This star has been on the Keck program since 1996 October. Over the past 12.8 years, we have accumulated a total of 164 precision RVs that indicate a system of at least two planets orbiting this star. In this paper, we present all of these RV data and discuss the planetary system that they imply.
Basic properties of the host star HD 1461
HD 1461 (HIP 1499, HR 72, GJ 16.1, GJ 9009, BD -0838, SAO 128690, SPOCS 13 ) is a bright (V =6.46) and well-studied star. It has been characterized in a number of studies, including those of Valenti & Fischer (2005) , Takeda et al. (2007) , and Sousa et al. (2008) . Table 1 summarizes recent determinations of the fundamental stellar parameters for HD 1461. Taken together, these properties indicate that it is an old, metal-rich, inactive star well suited for precision RV planet searches. Using Ca H+K measurements taken between 1994 and 2006 , Hall et al. (2007 found that HD 1461 is one of the 13 targets for which the observed variability is zero within the uncertainties. In 51 observations over 8 seasons, they measured a mean log R ′ HK of −5.04. Hall et al. (2009) found a mean value of −5.00 over seven seasons with seasonal averages ranging from −4.96 to −5.01. Wright et al. (2004) found a mean value of −5.03, along with an estimated slow rotational period of 29 days and an age of 6.3 Gyr. Our measurement of log R ′ HK =−5.00 leads to an estimate (Wright 2005 ) of 1.59 m s −1 for the expected RV jitter due to stellar surface activity. The age of HD 1461 was estimated as 4.2 +1.7 −2.1 Gyr by Valenti & Fischer (2005) and 7.12 +1.40 −1.56 Gyr by Takeda et al. (2007) . The large discrepancy and uncertainties for these chromospheric ages is not surprising since the correlation between age and chromospheric activity becomes very weak for ages bigger than 2 Gyr (see e.g. Pace & Pasquini (2004) ). In summary, HD 1461 is a nearby, bright star with physical properties that are quite similar to our own Sun, and is an ideal candidate star for the application of high-precision Doppler-velocity monitoring.
Observations
The HIRES (Vogt et al. 1994 ) of the Keck I telescope was used to monitor HD 1461.
A total of 164 Keck observations were obtained, from 1996 October 10 to 2009 August 10, a data span of 4687 days. The median internal velocity uncertainty for these Keck data is 0.72 m s −1 .
Doppler shifts were measured in the usual manner (Butler et al. 1996) by placing an iodine absorption cell just ahead of the spectrometer slit in the converging beam from the telescope. This gaseous iodine absorption cell superimposes a rich forest of iodine lines on the stellar spectrum, providing a wavelength calibration and proxy for the point-spread function (PSF) of the spectrometer. The iodine cell is sealed and temperature-controlled to 50 ± 0.1 • C such that the column density of iodine remains constant. For the Keck planet search program, we operate the HIRES at a spectral resolving power R ≈ 70, 000 and a wavelength range of 3700-8000Å, though only the region 5000-6200Å (with iodine lines) is used in the present Doppler analysis. The iodine region is divided into ∼700 chunks of 2Å each. Each chunk produces an independent measure of the wavelength, PSF, and Doppler shift. The final measured velocity is the weighted mean of the velocities of the individual chunks. Although all of the observations used in this work were obtained with the HIRES at the Keck I telescope, 28 of the RVs in Table 2 were derived from publicly available spectra from the NASA Keck Observatory Archive. These velocities are marked with "Q01" in the observatory column in Table 2 . The CCD format of the Q01 run was shifted by several angstroms relative to our long-term standard, introducing a zero-point velocity offset between Q01 and our standard set-up. This is an additional parameter to be determined in the fits discussed below.
Photometry
In addition to our RV observations. we acquired high-precision photometric observing procedures, and data reduction techniques are described in Henry (1999) .
Further details on the development and operation of the automated telescopes can be found in Henry (1995a,b) and Eaton et al. (2003) . Figure 1 and reveals a significant periodicity within the data at 444.5 days with an estimated false alarm probability (FAP) of 3.3 × 10 −9 (calculated using procedures described in Gilliland & Baliunas (1987) and
Cumming (2004)). This peak is near the tallest peak in the RV periodogram of the residuals of the circular two-planet fit discussed below. A second peak spans from 3000 to 9000 days with an estimated FAP of 2.1 × 10 −6 . This broad peak is similar to the one present in the periodogram of the residuals of the (circular) one-planet fit also discussed below. The three horizontal lines in the bottom panel of Figure 1 and in all similar periodograms below represent FAPs of 0.1%, 1%, and 10% from top to bottom, respectively.
We computed least-squares sine fits for the three RV planet candidates described below.
Sinusoid fits with periods 5.77, 446.1, and 5017 days yield semi-amplitudes of only 0.00018, 0.00070 and 0.00061 mag, respectively. We conclude that the lack of significant coherent photometric variability of HD 1461 supports planetary reflex motion as the cause of the 5.77-day periodicity in the RV measurements. The weak periodicities observed at 445
and 3000-9000 days, on the other hand, do warrant some caution in interpreting the RV periodicities at those periods as being due to planetary companions. Lomb-Scargle periodogram of the photometry.
The Planetary System Orbiting HD 1461
The RVs show a rms scatter of 3.80 m s −1 about the mean velocity. This significantly exceeds the combined scatter due to the underlying precision of both our measurement pipeline and the scatter expected in this star due to its predicted 1.59 m s −1 level of stellar jitter. Figure 2 shows the RV data set from Table 2 . An offset of -1.864 m s −1 (Q01 -Keck) has been applied between the two sets. Note that in general, observations prior to 2004
August have larger internal uncertainties. The improvement in the internal uncertainties is a result of the CCD upgrade discussed in some detail in Rivera et al. (2005) . Also, the observations prior to 2004 August appear to be offset from those taken after the CCD upgrade. This is an artifact of our sampling with low frequency a period that is not too distinct from one year during the first few years of our observations. As a result, during this time, we always sampled the period of HD 1461 c such that the star's RV is low. Given the one-, two-, and three-planet models, we can look either for solutions in which the planetary orbits are circular or solutions where the eccentricities are allowed to float.
Inclusion of eccentricities provides only a modest improvement to the orbital fits, leading us to conclude that a significant amount of additional Doppler velocity monitoring will be required to improve the eccentricity uncertainties. However, allowing the eccentricities to float for the two-planet fit dramatically reduces the significance of the 446-day periodicity observed in the two-planet residuals (see below). Additionally, if we fit for a second planet with period in the range ∼390 -450 days on an eccentric orbit, the significance of the long-period planet can also be reduced. In Tables 3 and 4 , we present our best-fit versions of the system under the assumption of circular orbits (Table 3) and with the additional degrees of freedom provided by fully Keplerian trajectories (Table 4) . For the orbital fits, we assume i = 90
• and Ω = 0
• . The inclusion of planet-planet gravitational interactions in the fits were found to be unnecessary. Uncertainties are based on 1000 bootstrap trials following the procedure in Section 15.6 from Press et al. (1992) . The standard deviations Overplotted are the Keck observations in red and the Q01 observations in blue.
of the fitted parameters to the bootstrapped RV's were adopted as the uncertainties.
The fitted mean anomalies are reported at epoch JD 2450366.936. The mass of the host star is assumed to be 1.022 M ⊙ , the mean of the isochrone masses of Sousa et al. (2008) (1.018 ± 0.1 M ⊙ ) and Takeda et al. (2007) (1.026
−0.030 M ⊙ ). Our fitting was carried out with the publicly available Systemic Console (Meschiari et al. 2009 ). In summary, the Keck HIRES RV data show strong evidence for at least two planets in orbit about the G0V star HD 1461. One of these has a short period of 5.77 days. The other has a large period of about 4000 -6000 days, with a large uncertainty in both its period and eccentricity. There are also hints of a third planet in the system near 446 days, but the large uncertainties in the parameters of the second planet cast some doubt on the presence of a third planet in the system. Also, if we choose to fit for an eccentric planet with a period of ∼390 -450 days, we also find large uncertainties in its parameters. This would cast some doubt on the presence of the large period planet. The close match between the photometric and the Doppler periodicities near 445 days leads us to tread carefully in ascribing a planetary origin to our 446-day RV signal. We note, however, that a 446-day period is too long to be associated with the stellar rotation, given the star's measurable Further observations will be needed to refine the parameters of the second planet before a definitive detection claim can be made for a third planet. That said, in Figure 7 we show the barycentric reflex velocity of the host star due to each of three individual companions on circular orbits in the system. In each panel, the velocities are folded at the period of each corresponding planet.
Dynamical Analysis
It is useful to verify, via numerical integration, whether the planetary configurations listed in Tables 3 and 4 are dynamically stable. Such an analysis is particularly useful in giving rough bounds on the allowed coplanar inclinations relative to the line of sight to Earth. For simulations that do not include the effects of tidal dissipation, Newtonian parameters were used for the initial states for long-term integrations. The MERCURY integration package (Chambers 1999) was used for the simulations with a time step of 0.1 day. The first order post-Newtonian term in the star's potential was also included, as in Lissauer & Rivera (2001) .
If the three orbits are assumed to be initially circular, with periods, masses and mean anomalies given in Table 3 , the system is stable for at least 20 Myr. Additionally, assuming the system to be coplanar, if we set the inclination to the sky plane to various values from i = 90
• all the way down to i = 1 • and perform a Newtonian fit for the other nine parameters (three parameters per planet plus the two offsets), χ 2 ν does not change significantly from the nominal i = 90
• fit. We also find the i = 1
• fit to result in a system that is stable for at least 20 Myr. For this inclination, the fitted masses exceed 1.4, 5.1, and 16 M Jup . This system is stable because of the small eccentricities. Thus, under the assumption that the system is coplanar and the orbits are (nearly) circular, we cannot place a lower bound on the inclination of the system.
The parameters of the floating-eccentricity version of the HD 1461 system given in Table 4 were also used as the initial input conditions for a 10 7 yr simulation. The three-planet configuration is disrupted in less than 1.4 Myr.
If additional RV measurements point to secure non-zero eccentricities for the HD 1461
planets, then studies of the long-term dynamical evolution of the system should take the possibility of tidal dissipation in planet b into account.
Check for Transits by Companion b
We performed a simple search for transits of planet b in the HD 1461 photometry. The RV's determine the period of the inner planet to be 5.77 day. The corresponding mean anomaly of the planet, likewise, is M = 79.045
• . The stellar radius is taken to be 1.1 R ⊙ , the mean of the values in Table 1 .
If HD 1461 b's orbital plane allows for transits, then sin i b ∼ 1, and hence M b = 7.4 M ⊕ .
If we assume that the planet migrated inward from beyond the ice line, its composition is likely dominated by water. The models of Fortney et al. (2007) suggest an R = 2.7 R ⊕ radius for such a planet, leading to a central transit depth of d ∼ 0.05%, or d ∼ 0.5 mmag.
If the planet has a massive atmosphere, its transit depth will be larger still. We assumed a simple "top-hat" step-function model for the transit, with the depth, period, and phase given above. The photometric data set contains 799 individual measurements, with σ = 0.00188 mag. Phase coverage at the 5.77-day period of planet b is excellent. One thus expects N = 19 ± 4 points to lie in the transit window, indicating that, given the data set and the presence of a transiting planet b, one can expect to detect a transit with signal-to-noise ratio, S/N∼1. We therefore conclude that the present photometric data set is insufficient to make a definitive call as to whether transits are occurring. Follow-up with high-precision, high-cadence photometry from either ground or space is therefore warranted.
Discussion
We present evidence for at least two (and possibly three) low-mass planets orbiting the nearby star HD 1461. With a RV semi-amplitude K = 2.8 ± 0.3 m s −1 , the M sin i = 7.8 ± 0.8 M ⊕ inner planet HD 1461 b is among the very lowest-amplitude companions yet detected using the Doppler velocity technique.
The HD 1461 system is thus another nearby case that joins the emerging population of planets postulated by Mayor et al. (2009) , who inferred that about 30% of solar-type stars in the immediate galactic neighborhood are accompanied by Neptune (or lower) mass planets having orbital periods of 50 days or less.
With a period of only 5.77 days, HD 1461 b has a non-negligible P ∼ 8% probability of transiting its parent star. While our phase-folded ground-based photometry does not have the requisite cadence and S/N to detect such transits, it would be readily possible to determine whether transits occur by making high-cadence, high-precision observations that span the transit window (see, e.g. Johnson et al. 2009 ). HD 1461 b's mass is very similar to that of CoRoT-7b, which has recently been determined to have a density similar to that expected for a rocky planet (Queloz et al. 2009 ). It would be of great interest to learn whether HD 1461 b is similarly dense, or whether its composition is more reminiscent of ice-giant planets such as Neptune, Gliese 436b, and HAT-P-11b. Such a transit could be detected from space using, for example, the Warm Spitzer platform.
As RV data bases grow in the monitoring of chromospherically quiet, nearby stars, systems like HD 1461, are becoming increasingly common. With each new system, the evidence is growing stronger that Super-Earths and other low-mass planets are common around nearby Sun-like and cooler stars. It is thus only a matter of time and adequate cadence before Super-Earth planets are found in the habitable zones of nearby stars. This is only a first reconnaissance of this fascinating and quite nearby system. As RV data bases grow for this star, the orbital ephemerides of these planets will become better determined, and more planets will probably be revealed.
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